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© Enzyme inhibitors. 

© Disclosed herein are peptide derivatives which inhibit the activity of human immunodeficiency virus (HIV) 
protease. The peptide derivatives can be represented by general formula Ri-R2- Y -R3-R4 whe rein R' is an 

residue ' R2 md R3 are amino acid or analogous 
W^iSSS^S may R ^ ti0n h a,, , y b6 abB8nlX Y IS 3 ■"""0 ""it. e.g. statyl. and R* is [! 

rhlin ] ( )V , fT R 18 h V dr °9 en or lower alkyl. R« is an amino acid or analogous amino acid side 
m? 5 2if ° r ^ S 3 t6rminal 9r ° Up (e g * hydr0Xy or amino >' or R * ls -NR l7 CR^(R^)CH 2 OH wherein 
loinNNt r.nin as d A herel " ab ^ ve *" d hydrogen, lower alkyl or hydroxy(lower)alkyl. The derivatives 

also rnhib t renin activity. Accordingly, the derivatives can be used for combating HIV infections or for treatinq 
hypertension or congestive heart failure. > treating 
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FIELD OF THE INVENTION 



This invention relates to compounds having valuable pharmacological properties More specially, the 
invention relates to peptide derivatives (hereinafter called "peptides") exhibiting acfv.ty aga.nst particular 
reuses to processes for producing the peptides, to pharmaceutical preparations thereof, and to a 
£7^1. peptides to combat infections caused by the retroviruses. The invention also relates to 
pharmaceutical preparations and a method of treating renin-dependent hy P ertens,on and congestive heart 
failure wherein the peptides serve as the active agent. 
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BACKGROUND OF THE INVENTION 

During the last ten years, retroviruses have emerged from relative obscurity to prominence. These 
viruses I2 W are known to cause of variety of diseases in vertebrates, the most insidious to humans being 

im T^<Z^s™Z S « as human immunodeficiency virus type 1 (H.V-1). was established as a 
causative agent for acquired immune deficiency syndrome (AIDS). This virus has become a ° 
nrnnortinn. More recentlv. the closely related virus, human immunodeficency v.rus type 2 (HIV-2) 
ha"s''b'e'en , "id;ntjfied as a second causitive agent of AIDS. Hereinafter, the term "HIV" is meant to inauoe 
both HIV- 1 and HIV-2 and any mutants thereof.) 

Presently, several compounds are being evaluated in the clinic as possible therapeutic agents for AIDS^ 
Another compound. a-azido-S-deoxythymidine (known also as zidovudine or "JJ 
clinic to decrease mortality and the frequency of opportunistic .nfections in AIDS patients. Th.s latter 
compound is being used to manage certain patients with symptomatic HIV infections. However. ,n spite of 
Sme recent progress, the need for an effective therapy for AIDS still exists^For recent rev.ews. see RA 
wis in "Molecular Basis of Virus Disease". Symposium of the Society for General Myology, Vol 4£ 
Eds v£o Russel and J.W. Almond. University Press. Cambridge. UK. 1987. pp 167-192. and R.C. Gallo 
and L Montagnier, Scientific American. 259. (4). 40 (1988). 

One approach to finding agents havi^anti-HrV activity is to inhibit the action of HlV-e^ncoded er^ymes. 
This manner of inhibition interferes with the replication and propagation of the virus. Such an app each has 
been applied successfully in a search for inhibitors of the viral encoded enzyme, reverse transcriptase (RT) 
More explicitly, the previously noted zidovudine was found to inhibit RT wh.ch ,s required to efiect viral 
raSuta Subsequently, zidovudine was developed as an anti-HIV agent. Still more recently. this approach 
has been negated using another H.V-encoded enzyme known as HIVprotease as »e target mm* In 
one instance, pepstatin A was found to inhibit the intracellar processing tha provides the requisrte HIV 
protease. See S Seelmeier et a... Proc. Natl. Acad. Sci. USA. 85. 6612 (1988). However, devetopment 
of pepstatin A as an anti-HIV agent seems improbable in view of its multiple activities In another instance 
M L Moore et al.. Biochem. Biophys. Res. Comm.. 159. 420 (1989). reported on mvestiga tions showing the 
inhibition of HIV protease by three heptapeptide analogs modeled after a conserved cleavage site (gag 
g^ne region) of the viral genomic po.yprotein. A.D. Richards et al.. FEBS Letters 247. 113(1989). also have 
reported that acetylpepstatin and nonapeptide analog inhibit HIV protease in vitro. 

The present application discloses a group of peptide derivatives which are potent inhibitors of HN 
protease and renin. These attributes, together with the attributes of a relatively selective action , and an 
apparent lack of toxicity, renders the peptides useful as agents for combating HIV .nfections and for treating 
renin-associated hypertension and congestive heart failure. . 

Tte present peptides of this application are distinguished readily from pepstatin A and the prev.ously 
noted peptide analogs by chemical and biochemical differences. The present peptides Possess a 
partial sectoral resemblance to peptide derivatives reported to be renin inhibitors; for instance . see D R 
Veber et al.. European patent application 77.028. published April 20. 1983. and A. Wagner et ah, Australian 
patent application 76241/87. published February 4. 1988. The remaining structural features and differences 
fn otological profiles distinguish these latter prior art compounds from the present peptide denvatives 
notwithstanding the existence of broad generic disclosures, such as R. Ten Brink. PCT paten t-PPhc*» 
WO87/02986. published May 21. 1987. encompassing a myriad of compounds ranging in the m llions. 
Finally a class of peptide isosteres have been reported recently to have the unusual combination of renin 
inhibitory and antiretroviral activities; the latter compounds have structures wn'^^"^^" 1 frorn *" 
present peptides (see B. Weldmann. UK patent application 2203740. published October 26. 1988). 
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SUMMARY OF THE INVENTION 



The peptides of this invention are represented by formula 1 Ri.R2.y-R3-R* 1 
wherein R 1 is a derived amino acid radical of formula 2 ~ 
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Jn ? T' ° W ! r a ' ky1, ° r Q0C(0) - ° r QC(0) - Wherein Q is ,ower alk y'. '°wer cycloalkyl. (lower 
20 cycloalkyOmethyl, phenyl, phenyl monosubsftued with lower alkyl, lower alkoxy or halo, benzyl or benzyl 
monosubsfituted with lower alkyl. lower alkoxy or halo; R 6 is hydrogen, hydroxy, lower all^T tower alkoxv 
mTvi n Zn°\ - 0 ™*™°* 7 :**™ « ? - hydrogen, lower alky,, lower c7c.oa.M.Z'e H^SER 
Jf^ y i P 1 Y , U Ph6nyl monosubs «t u ed with lower alkyl. lower .alkoxy or halo, benzyl, benzyl monosub- 

rtTlrt H° W9r '°r r a ' kOXy ° r ha, ° : "* L ° n *° -9 of the^adicaTof Zute 2 

2S presents hydrogen or a substituent on the aromatic ring, the substituent being selected from the group of 
lower alkyl. lower alkoxy and halo, or L represents the same or different of two substituents o" Z Somatic 

ZZ'^TTT b t ei "9 S8,ected from the 9'°"P of lower alky., lower alkoxy and halo, provided Z^y 
two substituents do not interfere with each others presence; 

30 ,^ T 2 ' S - N <R 8 ) CH ( R9 ) C (°)- herein R* is hydrogen or lower alkyl and R 9 is hydrogen, lower alkyl lower 
aHcyl monosubstmned with hydroxy, methoxy. methylthio or benzyloxy. lower cydoalxyl. (owe 52£j 
methyl benzyl. 4-,m.dazoiylmethyl. 2-thienylmethyl. 2-thiazolylmethyl. (4-hydroxyphenyl methyl [4-uower 
a.koxy)pheny.]methyl. -CH(OH)C 6 H 5 . -(CH 2 )<NH 2 . or -(CH a)n C(0)W- or W^N^ 

a^lT 0n& ' OT ,T ree ' W iS hydr09en< 3 ***** ° r branched chain *J Containing one to ten 
35 carbon atoms, or phenyl(lower)alkyl and R«, and R« each independently is hydrogen, lower alkyl phenyl" 

otndfo y mo T h ' "*? R,2 . tOSether With *• ni ^ n to which they are" joined forr! ! J ^'rroSdino. 
pipendino. morpholino, piperazino or 4-(lower alkyl)piperazino; 

Y is a derived amino acid radical of the formula -NHCH(R'3)- W - wherein R« is iower 3,1^. ,. ow „ 
cycloa.Ky.)methyl. -CH 2 CH 2 SCH 3 . benzyl or benzyl substituted on the aromafic po^on the^f ™tr%Z 
40 definedtofR-' *" W " " CH < 0H )- C H 2 C(O)-or -CH 2 NCH(R-)C(0>- wherein R"h as OTe same Tea n ing ^ 



R3 is absent or is -N(R«)CH(Ris) C (0)- wherein R« is hydrogen or lower alkyl and R« has the same 
meaning as defined herein for R 9 ; and 

htriT^ H(R1 ?K C( °l VZ Wherei " R " iS hydr ° 9en ° r ,OWSr a,k y'- has the sa ™ ™*ning as defined 
me Inn R2' P 11 9 ! P 2er ° ° r ° n9 ' and 2 is hydroxy ' lower a,kox y- benzyloxy or -NR' 9 R*' wherein 
. 6 ,nde P enden «y ^ hydrogen, lower alkyl or phenyl(lower)alkyl. or R' 9 and R** together 

ZESSZSZ or which ^ are Joined form a pyrrolidino - piperidino m — • p~SS?T 

, R4 ' S -NR; 7 CR«(R 2 ')CH 2 OH wherein R" and R« are as defined herein and R« is hydrogen lower alkyl or 
lower alkyl monosubsfituted with hydroxy; or a therapeutically acceptable salt thereof 

A preferred group of the peptides of this invention for inhibiting HIV protease is represented by formula 
1 wherein R 1 ,s the radical of formula 2 wherein R s is hydrogen. R« is hydrogen, hydroxy, mefiwl I mSxv 
ammo, nrtro or -0CH 2 C(O)OR> wherein R> is hydrogen, lower alkyl or benzyl L is f hydrogen or one or t^o' 
.otr^T 38 "I" 6 ! T* R2 iS - N < R8 >- C H(^)CO- vyherem R 8 is hydroge^ or'l I Z 
55 r« rnS' k CyCOa ' kyl " cyclopropylmethyl. cyclohexylmethyl. -CH 2 CH 2 COOH. -CH 2 CH 2 CONH 2 
c?cS S CH° r h„ T : V S " NHCH -< ,3 >- W - wherei " 'ower alky,, (lower c y c,oa.ky.)meT y i: 

CH 2 CH 2 SCH 3 benzyl or (4-methoxyphenyl)methyl and W is -CH(OH)CH 2 C(0)- or -CH 2 NHCH(R")C<0>- 
wherein R« is lower alkyl or (lower cyc.oalkyl)methyl; R 3 is absent or is WW^'Wo" wherein is 
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hydrogen or methyl and R 16 is hydrogen, lower aikyl, cyclopropylmethyl, cyclohexylmethyl, benzyl -CH- 
(OH)CH 3 . or -(CH 2 ) n -C(0)OR 1 * or -<CH 2 ) n C<0)NR"R' 2 wherein n is the integer one, two or three . R js 
hydrogen or a straight or branched chain alkyl containing one to ten carbon atoms, and R" and R 1 - each 
\ES£Z£ is hydrogen, methyl or ethyl; and R» either is -NH<R»)CH<R«)C(0)-Z wherein R« is 
s hydrogen or methjl. R« is lower alkyl. lower alky, monosubstituted with a hydroxy or benzyloxy. 
cyclopropylmethyl. cyclohexylmethyl. (4-hydroxyphenyl)-methyl. -CHWCsHs or benzyl, and Z is hydroxy 
or NR ,9 R 2 wherein R 19 and R 2 " each independently is hydrogen, methyl, ethyl or 2-methylbutyl. or R 
and R2* together with the nitrogen atom to which they are attached form a pyrrolidine) or pipend.no. or R is 
-NR 17 CR"-(R 21 )CH 2 0H wherein R" and R 18 are as defined in the last instance; and R 21 is hydrogen, lower 
,o aikyl or lower alkyl substituted with a hydroxy; or a therapeutically acceptable salt thereof. 

Using the conventional three letter system for designating amino acid residues (see the second 
paragraph of the Details of the Invention, below), a more preferred group of the peptides for mhibitng HIV 
protease is represented by formula 1 wherein * is the radical of formula 2 wherein R 8 .s hydrogen R 8 s 
hvdroqen amino, nitro or -CH 2 C(0)OR' wherein R' is hydrogen, methyl, ethyl or benzyl, and L s 
, 5 hvd ooen * is Val Ala. Leu. I.e. Qly. Tbg, Cpa. Cha. Glu. Gin. Asn or Phe; Y is -NHCH(R'3)-W- wherem 
R'3 is 1-methylethyl. 2-methylpropyl. cyclohexylmethyl. -CH 2 CH 2 SCH 3 , benzyl or <4-methoxyphenyl)me hyl 
and W is -CH(OH)CH 2 C(0)- or -CH 2 NHCH(W*)C(0)- wherein R'* is 2-methylpropyl or cyclohexylmethyl; R 
is absent or is Leu. Nle. ..e. Val. Ala. Gly. Cha. Phe. Thr. Glu. Gin. Asp or Asn; R ^ Leu-NH 2 .£^J£ 
NH 2 . lle-OH. Val-NH 2> Val-OH. Ala-NH 2 . A.a-OH. Thr(OBzl)-NH 2 . Cpa-NH 2 Cpa-OH. Cha-NH 2 . Cha-OH Tyr 

CH 2 OH wherein R« is lower alkyl. -CH 2 OH. -CH-(OH)CH 3 . CH 2 CH 2 OH or -CH(OH)CsH s and R 2 ' is 
hydrogen, methyl or -CH 2 OH; or a therapeutically acceptable salt thereof. , , 

A most preferred group of peptides for inhibiting HIV protease is represented by compounds of formula 
1 in which R 1 is 3-(1,2,3,4-tetrahydroisoquinolyl)carbonyl, R 2 and Y are as defined in last instro; R is 
25 Leu Nle. lie. Val. Ala. Cha. Glu or Gin. R* either is He-NH 2 , Ala-NH 2 , Thr(OBz.)-NH 2 . Cha-NH, or Phe-NH 2 
or is -NHCR ,8 (R 2t )CH 2 OH wherein R 18 is 1-methylethyl 1-methylpropyl or 2-methylpropyl. -CH 2 OH or -GM- 
(OH)C s H 5 and R 21 is hydrogen or methyl; or a therapeutically acceptable salt thereof. 

Included within the scope of this invention is a pharmaceutical composition for treating HIV mfectons m 
a human, or for treating renin-dependent hypertension, comprising a compound of formula 1. or a 
so therapeutically acceptable salt thereof, and a pharmaceutically acceptable earner. 

The scope of the invention includes as well a method for treating HIV infections in a human compns.ng 
administering thereto an effective amount of the compound of formula 1. or a therapeutically acceptable salt 

thef Also included within the scope is a method for protecting human cells against HIV pathogenesis 
as comprising treating said cells with an anti-HIV effective amount of a compound of formula 1, or a 
therapeutically acceptable salt thereof. :„ „ 

Still also included is a method of treating renin-associated hypertension or congests heart failure in a 
mammal comprising administering thereto a renin-lowering effective amount of a compound of formula 1. or 
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a therapeutically acceptable salt thereof. 

Processes for preparing the compounds of formula 1 are described hereinafter 



Details of the Invention 
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GENERAL 

The term "residue" with reference to an amino acid means a radical derived from the corresponding a- 
amino acid by eliminating the hydroxy! of the carboxy group and one hydrogen of the a-am.no group. 

In qeneral, the abbreviations used herein for designating the amino acids and the protective groups are 
based on recommendations of the IUPAC-IUB Commission of Biochemical Nomenclature, see European, 
Journal of Biochemistry. 138.9(1984). For instance. Val, Glu. Gin, Ala. He. Asp. Phe. Leu. Asn and Gy 
represent the residues of L^7aline. L-glutamic acid. L-glutamine. L-alanine. L-isoleucine. L-aspartic acid. L- 
phenylalanine. L-leucine. L-asparagine and glycine, respectively. The symbols "Cpa" and Cha represent 
the residues of 2(S)-amino-3-cyclopropylpropionic acid (L- cyclopropylalanine) and 2(S)am.nc-3-cyclohexyl- 
propionic acid (L-cyclohexylalanine). respectively. The symbols "Nle" and "Tbg" represent the res.dues of 
2(S)-aminohexanoic acid (1 ,-norleucine) and 2<S)-amino-3,3-dimethylbutyric acid, respectively. 

The term "lower alkyl" as used herein, either alone or in combination with a radical, means straight 
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chan alkyl I radicals containing one to four carbon atoms and branched chain alkyl radicals containing three 
ifi^CC"" 9thyl " ^ bUty '' 1 - m9thy,ethy '' ^*"> P y, 2-methy,- 

The term "lower cyctoalkyl" as used herein, either alone or in combination with a radical, means 

ST? , Cy ? hydrocarbon radicals containing from three to six carbon atoms and includes cyclopropyl 
cyclobutyl, cyclopentyl and cyclohexyl k N ' ' 

The term "lower alkoxy" as used herein means straight chain alkoxy radicals containing one to four 
carbon atoms and branched chain alkoxy radicals containing three to four carbon atoms and includes 
methoxy ethoxy propoxy. 1-methylethoxy. butoxy and l.l-dimethylethoxy. The latter radical is known 
70 commonly as tertiarybutyloxy. 

The symbol "Boc" 'represents 1,1-dimethylethoxycarbonyl. known commonly as tertiary-butyloxycar- 
bonyl. The symbol "Cs H 5 " represents a phenyl radical. uuiy.oxycar 
The term "halo" as used herein means a halo radical selected from bromo. chloro. fluoro or iodo 
With reference to Y of general formula 1. the radical "-NHCH(R'3)-W-" wherein R« is as defined 

SITST^ W i %"^ ( °, H)CH2C °- repreSSntS the radiCa ' derived from *• ami "° acid 'nown as 
ST 4(S ^ ,n °" 3(S * hydr ° Xy * 6 " rnethy,heptanoic acid) *« its c,ose The radical is derived 

by eliminating the hydroxyl of the carboxy group and one hydrogen of the amino group of the correspond- 
ing y-am.no acd. Each such radical has two chiral centers and thus can exist in various optically active or 
optically mactive forms. All forms are included for the peptides of formula 1 and for the appropriate 
20 intermediates therefore, the 4<S)-amino-3(S)-hydroxy enantiomers being preferred The requisite 4-amino3- 
hydroxy pentano.c acids for preparing the synthon to incorporate the radical into the peptide of formula 1 

SerencSeSn ** ° M ' ^ ET " a SU "' J " Med " Chem - 4 27 (1880). and 

2S TH^J e «?r2^ represents * e radical -NHCH(2-methylpropyl)CH(OH)CH 2 C(0)-. derived from statine. 

« The term "ACHPA" represents the radical NHCH(cyclohex y lmethyl)CH(OH)CH 8 C(0)-derived from 4-amino- 
S^ ^T"^ 0 aC,d ' 3nd t9rm " A " PPA " r *P™ente the radical -NHCH(benzyl)CH- 
(OH)CH 2 C(0)-. derived from 4-amino-5-phenyl-3-hydroxypentanoic acid. The 4{S)-amino-3(S)-hydroxv enan- 

T!Z JT *l a 1 0 emb0dirTiente Pref9rred Un,6SS de5i 9 nated otha ™ ise b * a" ante'cede^t such 
30 Sarltiomers ^ AHPPA represent their respective 4(S)-amino-3(S)-hydroxy 

The asymmetric carbon atoms of the R\ R 2 , R3 and R* units of the peptides of formula 1 have an S 
configuration, except those residing in the side chain of the amino acid or derived amino acid residue! 
which may have the R configuration. 

, c .u. 7™- ^ " 3m L" 5 u" 35 US6d herem meanS an amino radical of form "'a "NH 2 . The term "lower 
™S!TJ n0 aS Tf 6rein meanS alk y ,amino radica 's containmg one to six carbon atoms and includes 
methylam.no. ethylam.no, propylamine. 1-methyl-ethylamino and 2-methylbutylamino. The term "diflower 
alkyl)am.no means an amino radical having two lower alkyl substituents each of which contains one to six 
carbon atoms and includes dimethylamino, diethylamino. ethylmethylamino and the like 

Addrtional abbreviations or symbols used hereafter for derived amino acid residues include THIQ for the 
radical 3-(1.2,3.4-tetrahydro.soquinolyl)carbonyl. Also note that when Y is the radical -NHCH{R'3)-W- 
where.n R is as defined hereinabove and W is CH 2 NHCH(R")CO- wherein R" is as defined hereinabove 
he rad.cal .s equivalent to two adjoining, corresponding amino acid residues wherein the amide bond 
TJZvZu *"°™ ,dues is /Educed. According to convention, the latter radical can be expressed 
symboHcally as two am.no acd residues (in the three letter system) with the symbol "*[CH 2 NH1" inserted 
between the designation of the two adjoining amino acid residues. Accordingly, for example, the peptide of 
formula 1 where.n R' is 3-(1.2.3.4-tetrahydroisoquinol y l)carbonyl. R 2 is Val. Y is Sta, R3 is Leu R* is Phe- 
NH 2 ,s des.gnated as THIQ-Val-Sta-Leu-Phe-NH 2 ; and the peptide of formula 1 wherein R 1 is 3-(1 2 3 4- 
tetrahydro.soquinolyl)carbonyl. R 2 is Ala. Y is -NHCH(benzyl)CH 2 NHCH(2-methylpropyl) with two '(S)- 
asymmetnc centers. R3 is Ala. R* is Phe-OH is designated as THIQ-AIa-Phe4^CH 2 NH]Leu-Ala-Phe-OH 

50 m „n? 9 I'"" " cou P' in 9 a " nt " 38 USed h9rein means 30 a 9 ent ^Pab'a «* effecting the dehydrative 
couplmg of an am.no acid or peptide free carboxy group with a free amino group of another amino acid or 
peptide to form an am.de bond between the reactants. The agents promote or facilitate the dehydrative 
coupling by act.vat.ng the carboxy group. Descriptions of such coupiing agents and activated groups are 

« pirn -' n x/ 9 . er ! er ? taxtb00ks of P e P tide chemistry; for instance. E. Schroder and K.L. Lubke. "The 

2S5 w * n ' ?° PreSS ' N6W YOrk ' N Y > 1965 ' pp 2 " 128 ' and K D - Ko PP'*. "Pep^s and Amino 
k ; W H A - Ben i am,n ' ,nc - New Y °*. N.Y., 1966. pp 33-51. Examples of coupling agents are thionyl 
chtor.de d.phenylphosphoryl azide. dicyclohexylcarbodiimide. N-hydroxysuccinimide. or 1-hydroxyben- 
zotnazole .n the presence of dicyclohexylcarbodiimide. A very practical and useful coupling agent is 



40 



45 



3NSDOCID: <EP. 



0401676A1_|_> 



BNS page 5 



EP 0 401 676 A1 



(benzotriazol-1-yloxy)tris(dimethylamino)phosphonium hexafluorophosphate. described by B. Castro et al 
Tetrahedron Letters, 1219 (1975), see also D. Hudson, J. Org. Chem., 53, 617 (1988). erther by .tself or ,n 
the presence of 1-hydroxybenzotriazole. 

The term "pharmaceutical^ acceptable carrier" as used herein means a non-tox.c. generally inert 
vehicle for the active ingredient, which does not adversely affect the ingredient. 

The term "effective amount" as used herein means a pre-determined amount of the peptide of this 
invention sufficient to be effective against HIV in vivo or renin-associated hypertension. 
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The peptides of formula 1 can be prepared by processes which incorporate therein methods commonly 
used in peptide synthesis such as classical solution coupling of amino acid residues and/or peptide 
fragments, and if desired solid phase techniques. Such methods are described, for example, by E Schroder 
and K. Lubke. cited above, in the textbook series. "The Peptides: Analysis. Synthesis, Biology . E Gross et 
al Eds Academic Press. New York. N.Y.. 1979-1987. Volumes 1 to 8, and by J.M. Stewart and J.D. Young 
in '"Solid Phase Peptide Synthesis". 2nd ed.. Pierce Chem. Co.. Rockford IL. USA. 1984. 

• A common feature of the aforementioned processes for the peptides is the protection of the labile side 
chain groups of the various amino acid residues or derived amino acid residues with suitable protective 

. . . ... i ..rri^m at cito until thfl nrotective arouD is 

aroups wnicn win prevent a uueninioi • <=»>-"'-"> — => — * - 

ultimately removed. Usually also common is the protection of an a-amino group on an amino ac.d or a 
fragment while that entity reacts at the carboxy group, followed by the selective removal of the a-am.no 
protective group to allow subsequent reaction to take place at that location. Usually another common feature 
is the initial protection of the C-terminal carboxyl of the amino acid residue or peptide fragment, if Present, 
which is to become the C-terminal function of the peptide, with a suitable protective group which will 
prevent a chemical reaction from occurring at that site until the protective group is removed after the 
desired sequence of the peptide has been assembled. ... , ~t 

Another feature of the preparation of the peptides of formula 1 is the incorporation '"to*e Pept.de of 
the unit Y. As noted previously the unit Y can be either of two subunits, i.e. -NHCH(R 3)CH(OH)CH 2 C(Oh 
wherein R« is as defined herein or -NHCH(R«)CH 2 NHCH<R'*)C(0)- wherein R« and R are as defined 
herein. The first-mentioned subunit can readily be incorporated into the peptide by Wjj^JJg^J 
derivative of the corresponding 4-amino-3-hydroxypentano.c ac.d (of formula NH 2 CH(R , 3)CH(0H)CH 2 C(O) 
OH), noted above, at the appropriate point during the preparation of the 

coupling of amino acid residues or fragments. The second-mentioned subunit. -NHCH(R 1 3 ) CH 2 NHCH(R )C 
(Oh can be incorporated by forming the linear peptidyl framework of the peptide of formula 1, or a 
fragment thereof, by a reductive alkylation between two sub-fragments, each sub-fragment containing a 
precursor portion of the Y unit and at least one of the sub-fragments containing one or more of the ammo 
acid units, whereby the CH 2 NH bond of the Y unit is formed; for example, the reductive N-alkylation of the 
dipeptide of formula NH 2 CH(R'*)C(0)-R3-R* witn B oc-NHCH(R'3)-CHO in the presence of sod.um 
cyanoborohydride to give the fragment Boc-NHCH(R i: »)CH 2 NHCH(R 1 *)C(0)-R3-R\ 

With reference to the process products, the peptides of formula 1 can be prepared by: 
coupling the derived amino acid of formula 3: 
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55 wherein R 5A is lower alley), or QOC(O)- or QC(O)- wherein Q is as defined hereinabove; R is hydrogen, 
hydroxy lower alkyl, lower alkoxy. amino, nitro or -OCH 2 C(0)OR 7A wherein R is lower alkyl. lower 
cycloalkyl. (lower cycloalkyl)methyl. phenyl, phenyl monosubstituted with lower alkyl. lower alkoxy or halo. 
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benzyl or benzyl monosubstituted with lower alkyl, lower alkoxy or halo, and L is as defined hereinabove 
Zt* w 9 S e o 3 0f ^ H ' R2A - Y - R3A - R4A ^ein R- R 3A and R- have the same meaning as defiTd 
herem for R*. R* and R* respectively, except that side chain amino and carboxy groups, and a C-terminal 

ZSZJT?* P H re8 ? nt ' ^ reP ' aCed With corres P° ndi "9 P^cted groups' and Y is as deTed 
hereinabove; fol owed, .f requ.red. by amino deprotection and/or carboxy deprotection. to give the cor- 
responding peptide of formula 1. Note that benzyl or substituted benzyl 7f R- can se „*° a 5£ ™ ~ 
llZl^TZ Pr ^ enit ° r f ° r ^ cones P° ndi ^ radica ' *e ultimate product of the synthesis or serve as a 
nrn^ P T T 9 *Z° ™* ** radica,S Q0C(0 >- md QC <°>- ca " ^rve a dual role as a 

Z h rT ndl " 9 radiCal TmaS Pr ° duct or serve as 30 a™" 10 I**-** 9roup. When 

required, such carboxy and amino-protecting groups can be removed by known methods 

^TTtcHC^n*?*^ f ° r o 7 Ula 1 ^ WhiCh R1 iS ^ d6riVed Bm,no acid radical of fo "™' a 2 in 
which R is -OCH 2 C(0)OR 7 wherein R 7 is as defined herein and L, R*. Y. R3 and R* are as defined herein 

can be prepared by subjecting the intermediate of formula 4 
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oMormula^H cTo^f^- "J 35 deSCrib8d h6rein 4 ° ab0V6 ' to Ration with an alkylating agent 
of formula XCH 2 C(0)OR 7A wherein X is bromo, chloro or iodo and R 7A is as defined hereinabove in the 

ZTZZZ & f °»°-ed. if required, by deprotection to obtain the deJ5?£5£E 

SbSSf n JZT a 1 te Suitab,e f on 9 bases for *s above-noted alkylation include alkali metal 
ca bonates preferably potass,um carbonate; alkali metal hydroxides, preferably sodium hydroxide or 
potassium hydroxide; or alkali metal hydrides, preferably sodium hydride * " " m nyaroxioe or 

™ edar ' V8d ^'"o acid of formula 3 can be prepared by known methods for preparing derivatives of 7- 

^TT^^^^^I^^^ addS: See G - Jones in "Comprehensive CheSs^. 
Vol 2 1st ed., A.R. Katntzky and C.W. Rees. Eds. Pergamon Press. Oxford. UK. 1984. p 395. In turn Yhe 

conv^'^ aC,d ° f ^ f 3 in WhiCh ^ " hydr ° Xy iS US6d t0 * e intermediate of formula 4 by 

conventional stepwise coupling procedures. y 

salt. 7 ^ PePtde ° f formU ' a 1 ° f MS invention can be obte ined in the form of a therapeutically acceptable 

, a iJ n ^ e i nStanCe . h Wher8 3 Parti ! Ular Pepttde h3S 3 residue whicn functions as a ba ^. examples of such 
salts are those wrth organic acids, e.g. acetic, lactic, succinic, benzoic, salicylic, methanesulfonic or p- 
to uenesu.fon.c acd. as well as polymeric acids such as tannic acid or carbox^methy. cellulose? and also 
2?iT2l m0 . 9an,C a Z dS , SUCh 38 hydroha,,c acids - e -9- hydrochloric acid, or sulfuric acid, or phosphoric 
toxf c nhf' " a K Pa ^ CUlar add addition *** is co " v ^ed into another acid addition salt, such as a non- 
d^'riSr p 9 a p f ? aCCeptab,e Sa,t ' by wit " the appropriate ion exchange resin in the manner 

described by R.A. Boissonnas et al.. Helv. Chim. Acta. 43. 1849 (1960) 

ara 5,™ '"TSf & ^ 9 rOU P S ' e * am P te S * ^UCh Salts 

are those w.th the sodium, potassium or calcium cations, or with strong organic bases, for example 
tnethylamine or N-methylmorpholine. ' or exam P' e ' 

In general the therapeutically acceptable salts of the peptides of formula 1 are biologically fully 
equivalent to the peptides themselves. ui«iuun*Miy iuny 

BIOLOGICAL ASPECTS 

r^ot^Tfnrf 86 inhibit !!! 9 pmper « es and ^ ce « P ro tective effect against HIV pathogenesis of the 
T ?„ ', 0t a * erapeMca "y ^eptable salt thereof, can be demonstrated by biochemical, 
microbiological and biological procedures. «»«»«. 

form^rf 01 "^ US6 i Ul procedure for demonstrating the HIV protease inhibiting properties of the peptides of 
formula 1 or the.r therapeutically acceptable salts is the "Recombinant HIV Protease HLPC Assay- The 
procedure ,s based on the capacity of the test compound to inhibit enzymatic cleavage by HIV protease of 
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a decapeptide (the substrate) having an amino acid sequence which includes a 

cleavage site of the HIV poly-protein; see H.G. Krausslich et aL. Proc. Natl. Acad. So. USA. 86. 807 <1989> 

oSof this assay together with the results obtained for exemplified peptides of formula 1 are described 

5 *1£3£E£^ of the peptides or their therapeutically acceptable salts can be demons^ 
by microbiological procedures for evaluating the effect of test compounds in inhibiting fine cytopamogen.crty 
of HIV in human T4 cell lines; for example, see M. Baba et si.. Biochem. B 10 phys. Res. Comm..142, 128 

(198 2hen a peptide of this invention, or a therapeutically acceptable salt thereof, is used to combat HIV 
,o infections in a human, the peptide can be administered orally, topically or parenterally. .n a veh.de 
comprising one or more pharmaceutically acceptable carriers, the proportion o which is *^"**»» 
sSlity and chemical nature of the peptide, chosen route of administration and standard brincri 
prartcl For oral administration, the peptide or a therapeutically acceptable salt thereof «n be formu^ed 
Z unit dosage forms such as capsules or tablets each containing a predeterm.ned amount °f the acbve 
7S ingredient, ranging from about 25 to 500 mg. in a pharmaceutically acceptable earner. For top.cal 
^ministration. L peptide can be formulated in a pharmaceutically acceptable vehicle ^ntemmg 0.1 to 10 
percent, preferably 0.5 to 5 percent, of the active agent. Such formulabons can be m the form of a cream, 
lotion, sublingual tablet, or preferably a transdermal patch or buccal patch. cn . , anft . 

For parenteral administration, the peptide of formula 1 is administered by eitiier mfravenous soutane- 

H rt ^rrt, 3 no. arrantable vehicles or earners. For 

20 ous or intramuscular injection, m uumikuoiuu.^ K •» . ^hiz-h 

administration by injection, it is preferred to use the peptide in solution .n a stente -^^^ 
may also contain other solutes such as buffers or preservatives as well as sufficent quantrt.es of 
pharmaceutically acceptable salts or of glucose to make the solution .sotonic. nharmar p 1It i C al 
Suitable vehicles or carriers for the above noted formulations can be found ,n standard pharmaceutical 
25 texts. e.g. in "Remington's Pharmaceutical Sciences". 16th ed. Mack Publishing Company. Easton. Penn.. 

The dosage of the peptide will vary with the form of administration and the particular active agent 
chosen. Furthermore, it will vary with the particular host under treatment. Generally, treatment .s imtiated 
with smaH dosages substantially less than the optimum dose of the peptide. Thereafter, ta . dosage ,» 
30 increased by small increments until the optimum effect under the circumstances ,s reached In general the 
peptide is most desirably administered at a concentration level that will generally afford antivirally effective 
results without causing any harmful or deleterious side effects. 

For oral administration, the peptide or a therapeutically acceptable salt is admm.stered in he range of 
1 .0 to 75 mg per kilogram of body weight per day. with a preferred range of Z5 to 20 mg per ^am. 

With reference to systemic administration, the peptide of formula 1 is administered at a dosage of 10 
meg to 1000 meg per kilogram of body weight per day. although the aforementioned variations will occur 
However, a dosage level that is in the range of from about 50 meg to 500 meg per kilogram of body weight 
per day is most desirably employed in order to achieve effective results. .. c . 

Although the formulations disclosed hereinabove are effective and relatively safe medications fo 
40 treating HIV infections, the possible concurrent administration of these formulations wrth other ^ antiviral 
medications or agents to obtain beneficial results is not excluded. Such other antiviral medications or agents 
include soluble CD4. zidovudine, dideoxycytidine. phosphonoformate. ribavarin. antiwai interferons (e.g. «- 
interferon or interleukin-2) or aerosol pentamidine. MMtlM n f 

The peptides of formula 1 also possess the ability to inhibit renin activity. The renin .nh.bit.ng activrty of 
45 the compounds can be demonstrated in standard pharmacological tests such as those f sc '* ed 

Bock et al J. Med. Chem.. 31. 1918 (1988). As such the peptides are .ndtcated for the d.agnosis. 
prophylaxis and treatment of renln-associated hypertension in mammals including humans. The peptides 
also can be used for treating congestive heart failure in mammals including humans. For the latter purposes 
or indications, the peptides can be formulated and administered in the same manner as described above, 
so but usually at higher dosages which can be determined conventionally by using well known pharmacologi- 

Tpretored group of peptides of formula 1 for inhibiting renin is represented by formula 1 wherein R 1 is 
the radical of formula 2 wherein R 5 is hydrogen or QOC(O)- wherein Q is lower alkyl. R 6 is hydrogen, lower 
alkoxy. amino or nitro and L is hydrogen; R* is -NHCH(R3)C(0)- wherein R' is .tower a kyl, flower alky! 
55 monosubstituted with hydroxy, benzyl. 4-imidazolylmethyl. 2-thienytmethyl or 2-th.azolylmethyl Y Is - 
NHCH(R'3)-W- wherein R« is as defined herein and W is CH(OH)CH 2 C(0)-. R 3 is absent or .s -NHCH(R^)- 
C(0>- wherein R« is lower alkyl. and R 4 is -NHCHR«C(0)-Z wherein R« is lower alkyl. lower alkoxy 
monosubstituted with hydroxy or benzyloxy. -CH(OH)C 6 H 5 or benzyl and Z is hydroxy or am.no. or R is 
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-NHCR^(R*)CH 2 OH wherein W* is lower alkyl. lower alkyl monosubstituted with hydroxy, -CH(0H)C 6 H s or 
benzyl, and R 21 is hydrogen or methyl, or a therapeutically acceptable salt thereof. 

/, oir?!! P r ! ferred 9 rou P of Peptides for inhibiting renin is represented by formula 1 wherein FP is 3- 
olf^ te^ydro.soquinolyl)carbon y l or N-(tertiarybutyloxycarbonyl)-3-(1.2.3.4-tetrahydroisoquinolyl>- 

Z £ ' mu ^ 2? ° r Ph6 ' Y iS St3, ACHPA 0r AHPPA * R3 is absent or is Al * »° or Leu and R* is Ala- 
r h ! 5 ? r j OB2) >- NH * or -NHCR«(R'»)CH,OH wherein R« is CH 2 OH. -CH(OH)CH 3 or -CH(OH)- 
Ce H 5 and R 19 is hydrogen or methyl, or a therapeutically acceptable salt thereof 

The following examples illustrate further this invention. Solution percentages or ratios express volume to 
volume relationship, unless stated otherwise. Abbreviations used in the examples include Boc: t-butylox- 
™S J '' 5** (benzotriazo| - 1 -y ,ox y) tri s-(dimethylamino)-pho S phonium hexafluorophosphate; Bzl: benzyl- 
DMF: dimethyl formamide; EfeO diethyl ether; Fm: 9-fluorenylmethyl; HPLC: high performance liquid 
chromatography: MeOH: methanol; TFA: trifuoroacetic acid; THF: tetrahydrofuran. perrormance 

Example 1 

(Example of a procedure involving the stepwise coupling of units in sequence.) 
P rZZ?°? N W N -[ N -^( 1 -2-3>Tet^^ 

cyclohexyl-pentanoyn-L-ie ucyl]-L-phenylal aninamide Hydr ochloride (THIQ-AlaACHPA-Leu-Phe-NH 2 .HCI) 

a) Boc-Phe-NHa: "sobutyl chloroformate (2.86 mL. 22 mmol) was added dropwise at 0* C to a stirred 
solution of N-methylmorpholine (2.42 mL, 22 mmol) and Boc-Phe-OH (5.31 g, 20 mmol) in dry THF The 
resulting soluton was stirred for an additional 30 min at 0*C. Thereafter, a 28% aqueous solution of 
dLTin • ?k W3 t f*5? dr ° PWiSS ° Ver 5 min - The so,vent was ^porated and the residue was 
fthrS tit x i 3 ?5 ™* S °' Uti0n W3S W3Shed successiva 'V vWth a 5% aqueous solution of citric acid 
(three times), satojrated aqueous NaHCOs (three times) and saturated aqueous NaCI. The organic solution 
was dned over Na 2 SCU and evaporated to afford Boc-Phe-NH 2 (5.0 g, 94%) as a white solid 

b) Boc-Leu-Phe-NH 2 : A solution of Boc-Phe-NH 2 (6.46 g, 24.4 mmol) in 6N HCI/dioxane (84 mL) was 
stirred at room temperature (20-22 C) under a nitrogen atmosphere for 30 min. The solvent was evaporated 

Th £ reS, l U8 md8r W9h VaCU ^ m - ^ SO,id residue was ^spended in dry CHaCN (300 mL) 

and the resulting mixture was cooled to 0-5 C and stirred under a nitrogen atmosphere. Dry EfaN (3.7 mL 
26 mmol) was added, followed by Boc-Leu-OH(monohydrate) (5.4 g. 22 mmol), BOP (10.69 g. 24 2 mmol) 
and more EfeN (74 mL. 53 mmol). After 1.5 h, more BOP (4.28 g, 9.7 mmol) and EfaN (1.48 mL, 10.6 
mmol) were added. The reaction was stirred for an additional 15 min, then the CH 3 CN was evaporated 
« mn e L r H TV? ^ ^ dUe W3S e*** 0 ™* b9tween a saturated aqueous solution of NaCI (200 

2 < I ? ^ (3 tomeS 200 mL) - The COmbined or 9 anic solutions wer * cashed successively with 
100 mL each of a 10% aqueous solution of citric acid, water, a 5% aqueous solution of NaHCOa (three 
times) and water. The organic solution was dried over MgSO* and concentrated under reduced pressure 
Chromatography of the residue over silica gel (eluent = ethyl acetate) gave a white gum which was 
trrturated with Et 2 0/hexane. The resulting solid was collected to afford Boc-Leu-Phe-NH 2 (7 7 g 93%) as I 
45 whrte solid. Mass spectrum: 378 (M + H) . Amino acid analysis: Leu, 1 .00; Phe 1 00 

M . ? B oc-ACHPA-Leu-Phe-NH 2 : A solution of Boc-Leu-Phe-NH 2 (100 mg. 0.26 mmol) in 6N HCI/dioxane 
(1 mL) was sbrred at room temperature under a nitrogen atmosphere for 15 min. The solvent was 
evaporated and the residue was dried under high vacuum for 1 h. The solid was suspended in dry CH 3 CN 
,„ ?HlLn and T J? I T° 9en atmos P here - so, "ti°n was adjusted to pH 8 (wet pH paper) by the 
15 , N-methylmorpholme. then BocACHPA-OH (83 mg. 0.26 mmol) was added The solution was 
stirred at room temperature for 1h (during which time pH 8 was maintained by the occasional addition of N- 

SlT* TL?! miXtUrS WaS t™"* int ° 3 saturated aoueous soluti °" of NaCI. The aqueous 
solution was extracted tw,ce with ethyl acetate. The combined organic extracts were washed successively 
with .ce-cold 0 5 N aqueous HCI. 10% aqueous Na 2 C0 3 (twice) and saturated aqueous NaCI (three times) 
55 The orgamc solution was dried over Na 2 SO + and the solvent was evaporate Chromatography of the residue 
over silica gel. eluting with 5% methanol in chloroform, afforded Boc-ACHPA-Leu-Phe-NH 2 (138 mo S 
as a white solid. v * M 9 

d) BooAla-ACHPArLeu-Phe-NH 2 : A solution of Boc-ACHPA-Leu-Phe-NH 2 (200 mg, 0.35 mmol) in 6N 

9 
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HCI/dioxane (2 mL) was stirred at room temperature under a nitrogen atmosphere for 20 mm. The .solvent 
was evaporated and the residue was dried under high vacuum for 1 h. The solid was suspended , n dry 
CHaCN (3 mL) and stirred under a nitrogen atmosphere. The solution was adjusted to pH 8 (wet pH paper) 
by the addition of N-methylmorpholine. then Boc-Ala-OH (74 mg. 0.39 mmol) was added, the pH was again 

s adjusted to pH 8 (as before) and BOP (172 mg, 0.39 mmol) was adds The solution was stirred at room 
temperature for 1 h (during which time pH 8 was maintained by the occasional addition of N-methylmor- 
pholine). The mixture was poured into a saturated aqueous solution of NaCI. The aqueous solution was 
extracted twice with ethyl acetate. The combined organic extracts were washed successively w|th ice-cold 
05 N aqueous HCI. 10% aqueous Na 2 C0 3 (twice) and saturated aqueous NaCI (three times). The organic 

io solution is dried over Na 2 SO* and the solvent was evaporated Chromatography of the residue over silica 
gTSuting with 5% methanol in chloroform, afforded Boc-Ala-ACHPA-Leu-Phe-NH 2 (178 mg. 79%) as a 

Wh ' t9 ^'"Boc-THIQ-Al a-ACHPA-Leu-Phe-NH 2 : A solution of Boc-Ala ACHPA-Leu-Phe-NH 2 (110 mg 0.17 
mmo! ) in 6N HCI/dioxane (1 mL) was stirred at room temperature under a nitrogen atmosphere for 20 mm. 
is The solvent was evaporated and the solid residue was dried under high vacuum for 1 h. ^The solid was 
suspended in dry CH 3 CN (2 mL). The mixture was stirred under a nitrogen atmosphere^ The solution was 
• • adjusted to pH 8 (wet pH paper) by the addition of N-methylmorpholine, then Boc-THIQ-OH 53 mg. 0.19 
mmol) was added, the pH was again adjusted to P H 8 (as before) and BOP (84 mg. 0.19 mmol) was added 
The solution was stirred at room temperature for 1 h (during which time pH 8 was ma.nta.ned by the 

. il. .i TKn mivtni-o wac n™ irftH intn a saturated aaueous solution ot 

20 occasional auuiuun ui iN-iiK5uiyiiiiwiKi.v.... Vi ,. — • . XAtara 

NaCI The aqueous solution was extracted twice with ethyl acetate. The comb.ned organic solutions were 
washed successively with ice-cold 0.5 N aqueous HCI. 10% aqueous Na 2 C0 3 (twice) and saturated 
aqueous NaCI (three times). The organic solution was dried over Na 2 SO* and the solvent ^ evaporated 
Chromatography of the residue over silica gel. eluting with 5% methanol in chloroform, afforded Boc-THIQ- 
Ala-ACHPA-Leu-Phe-NH 2 (106 mg. 77%) as a white solid Mass spectrum: 805 (M + H) . Amino acid 
analysis: Ala. 1.00; Leu, 1.01; Phe, 0.98; ACHPA, 1.29. 

[Boc-THIQ-OH was prepared from 1.2,3,4-tetrahydro-3-isoquinoline-3-carboxyl.c acid descnbed by S. Ar- 
cher, J 0 ^ |e C ^ p ^ nd 43 ° ( ^ 1 ^^ : A g^on of B oc-THIQ-Ala-ACHPA-Leu-Phe-NH 2 (55 mg 0.068 
mmol) in"6N"HCIdioxane (T5~mL) was stured at room temperature under a nitrogen atmosphere for 20 mm 
The solvent was evaporated and the residue was dried under high vacuum for 1 h. The solid was tnturated 
with Et z O and the resulting suspension was filtered. The collected precipitate was dried under high vacuum 
for 17 h at room temperature to afford the title compound (47 mg. 93%) as a white solid Mass spectrum: 
705 (M-Clf. Amino acid analysis: Ala. 1.00; Leu, 1.01; Phe. 0.99; ACHPA. 1.16. 
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Example 2 



40 THIQ-Leu-ACHPA-Leu-Phe-NH 2 -HCI 



The title compound was prepared by following the procedure of example 1 but substituting Boc-Leu-OH 
for Boc-Ala-OH. Mass spectrum: 747 (M-Clf. Amino acid analysis: Leu. 2.00; Phe. 0.98; ACHPA. 1.13. 
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Example 3 



so THIQ-Phe-ACHPA-Leu-Phe-NH 2 .HCI 

The title compound was prepared by following the procedure of example 1 but substituting Boc-Phe-OH 
for Boc-Ala-OH. Mass spectrum: 781 (M-CI)*- Amino acid analysis: Leu. 0.97; Phe. 2.03. ACHPA. 1.12. 
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THIQ-Va)-ACHPA-Leu-Phe-NH 2 .HCI 

The title compound was prepared by following the procedure of example 1 but substituting Boc-Val-OH 
for Boc-Ala-OH. Mass spectrum: 733 (M-CI) . Amino acid analysis: Leu, 1.01; Phe, 1.00; Val, 0.99; ACHPA, 



Example 5 



70 



THIQ-Cpa-ACHPA-Leu-Phe-NHa.HC) 



^ y he r , title com P°und was prepared by following the procedure for example 1 but substituting Boc-Cpa- 
OH for Boc-Ala-OH. Mass spectrum 745 (M-CI) . Amino acid analysis: Leu, 1.01; Phe. 0.99; ACHPA 0.96- 

Hns ft QA * 1 



Cpa, 0.98. 

Example 6 



THIQ-Ala-ACHPA-Ala-Phe-NHz.HCI 

The title compound was prepared by following the procedure for example 1 but substituting Boc-Ala-OH 
for Boc-Leu-OH. Mass spectra: 663 (M-CI) . Amino acid analysis: Ala, 2.02; Phe, 0.98; ACHPA, 1.08. 

Example 7 



(Example of a procedure involving the coupling of fragments) 



Preparation of THIQ-Val-ACHPA-Ala-Phe-NH 2 .HCI 



a) Boc-ACHPA-OMe: A solution of diazomethane in Et a O was added portionwise to a vigorously 
stirred solution of Boc-ACHPA-OH (2.00g, 6.34 mmol) in EfeO (20 mL) until a persistent yellow colour was 
obtained Excess diazomethane was removed by passing a stream of dry nitrogen through the solution. 
Evaporation of the solvent gave a clear oil which crystallized on standing to afford Boc-ACHPA-OMe (2 16 

L ? 3 White SO " d - NMR (2 °° MHz ' CDCl3 > : 5 °- 7 °- 1 -90 (m, 22H including at 5 1.45 (s. 9H)), 2.55 (m 
2H), 3.30 (broad s, 1 H), 3.65 (m. 1 H), 3.71 (s. 3H). 4.20 (m. 1 H), 4.70 (d, 1 H). ' 

b) Boc-Val-ACHPA-OMe: A solution of Boc-ACHPA-OMe (2.16 g, 6.56 mmol) in 6N HCI/dioxane (15 
mL) was stirred at room temperature under a nitrogen atmosphere for 20 min. The solvent was evaporated 
and the res.due was dried under high vacuum for 1 h. The solid was suspended in dry CH 3 CN (20 mL) and 
the suspension was stirred under a nitrogen atmosphere. The resulting solution was adjusted to pH 8 (wet 
pH paper) by the addition of N-methylmorpholine. Boc-Val-OH (1.42 g, 6.56 mmol) was added to the 
solution. The pH was adjusted to pH 8 (as before) and BOP (2.90 g, 6.56 mmol) was added. The solution 
was stirred at room temperature for 1 h (during which time pH 8 was maintained by the occasional addition 
of N-methylmorpholine). The mixture was poured into saturated aqueous NaCI (50 mL). The aqueous 
solution was extracted twice with ethyl acetate. The combined organic solutions were washed successively 
with ice-cold 0.5 N aqueous HCI, 10% aqueous NaHCOa (twice) and saturated aqueous NaCI (three times) 
The organic solution was dried over Na a S04 and the solvent was evaporated. Chromatography of the 
residue over silica gel. eluting with mixtures of increasing concentration of ethyl acetate in hexane (30- 
50 /„), afforded Boc-Val-ACHPA-OMe (2.44 g. 87%) as a white solid. Mass spectrum: 429 (M + H)* NMR 
(200 MHz, CDCI,): 5 0.70-1.90 (m, 28H. including at 6 0.90-1.05 (dd. 6H) and 1.45 (s, 9H)), 2.21 (m 1H) 
2.45 (m. 2H), 3.46 (broad s, 1H). 3.71 (s. 3H), 3.90 (m, 1H). 3.95-1.12 (m. 2H), 4.95 (broad d. iSJ 625 
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c)' Bi-THIQ-Val-ACHPA-OMe: A solution of Boc-Val-CHPA-OMe (1.25 g. 292 mmol) in 6N 
HCI/dioxane (10mL) was stirred at room temperature under a nitrogen atmosphere for 20 mm. The solvent 
was evaporated and the residue was dried under high vacuum for 1 h. The solid was suspended in dry 
5 CH 3 CN (15 mL) and stirred under a nitrogen atmosphere. The resulting solution was adjusted to pH B (wet 
P H paper) by the addition of N-methylmorpholine. Boc-THIQ-OH (836 mg. 3.00 mmol) was added o the 
solution. The pH of the solution again was adjusted to pH 8 (as before) and BOP (1.33 g. 3.00 mmoT) was 
added. The solution was stirred at room temperature for 1 h (during which time pH 8 was rna.nte.ned by the 
occasional addition of N-methylmorpholine). The mixture was poured into saturated aqueous NaCI (30 mL). 
,o The aqueous solution was extracted twice with ethyl acetate. The combined organic solutions were washed 
successively with ice-cold 0.5 N aqueous HCI, 10% aqueous NaHCOa (twice) and saturated aqueous NaCI 
(three times). The organic solution was dried over Na 2 SO* and the solvent was evaporated. Chromatog- 
raphy of the residue over silica gel, eluting with mixtures of increasing concentration of ethyl acetate > m 
hexane + (40-50%). afforded Boc-THIQ-Val-ACHPA-OMe (1.48 g. 86%) as a white solid. Mass spectrum: 588 

,s < M + H ) • Boc _ TH|Q _ Va ,_ ACHPA _ OH: A ! N aqueous solution of NaOH (2.27 mL, 2.27 mmol) was added 
dropwise over 30 min to a stirred s olution of Boc-THIQ-Val-ACHPA-OMe. (1.30 g, 2.27 mmol) in a mixture 
of methanol (10 mL) and water (2 mL). The resulting solution was stirred for one hour at room temperature. 
The methanol was evaporated. The residual aqueous solution was extracted once wrth ethyl acetate and 

20 then acidified to pH 3 (pH meter), first by the addition of soiid citric acid and then finally by t..c a^:cn c. a 
1 M aqueous solution of the same. The resulting suspension was extracted with ethyl acetate (twice). The 
combined organic extracts were washed with saturated aqueous NaCI (twice) and dried over Na 2 SO*. 
Evaporation of the solvent gave Boc-THIQ-Vat-ACHPA-OH (1.20 g, 92%) as a white sol.d Mass spectrum. 
574(M + H)* 

e) Boc-Ala-Phe-NH 2 : A solution of Boc-Phe-NH 2 (265 mg, 1.00 mmol) in excess 6N HCI/dioxane was 
stirred at room temperatur e under a nitrogen atmosphere for 15 min. The solvent was evaporated and the 
residue was suspended in dry CH 3 CN (2 mL). The suspension was stirred under a nitrogen atmosphere. 
The solution was adjusted to pH>8 (wet pH paper) by the addition of excess N-methylmorphol.ne Boc-Ala- 
OH (189 mg. 1.00 mmol) and BOP (486 mg. 1.10 mmol) were added. The solution was st.rred at room 
temperature for 2 h then poured into a mixture of saturated aqueous NaCI and ethyl acetate. The orgarnc 
solution was separated then washed successively with saturated aqueous NaHCOa (three times) , 0.5 N 
aqueous HCI (three times) and saturated aqueous NaCI. The organic solution was dried over Na 2 SO- . and 
the solvent was evaporated. Chromatography of the residue over silica gel. elutmg w.th 10% methanol .n 
chloroform, afforded Boc-Ala-Phe-NH 2 (173 mg. 51 %) as a white solid 

f) Boc-THIQ-Val- ACHPA-Ala-Phe-NH 2 : A solution of Boc-Ala-Phe-NH 2 (33.6 mg. 0.10 mmol) in 
excess 6N HCI/dioxane was stirred at room temperature under a nitrogen atmosphere for 15 mm. The 
solvent was evaporated. The residue was suspended in dry CH 3 CN and stirred under a nitrogen at- 
mosphere. The solution was adjusted to pH>8 (wet pH paper) by the addition of excess N-methylmor- 
pholine. then Boc-THIQ-Val-ACHPA-OH (55.7 mg. 0.10 mmol) and BOP (48.6 mg. 0.11 mmol) were added 

40 The solution was stirred at room temperature for 2 h then poured into a mixture of saturated aqueous NaCI 
and ethyl acetate. The organic solution was washed successively with 0.5 N aqueous HCI (three times), 
saturated aqueous NaHCOa (three times) and saturated aqueous NaCI. The organic solution, was dried over 
Na 2 S0» and the solvent was evaporated. Chromatography of the residue over silica gel. eluting wrth 
mixtures of increasing concentration of methanol in chloroform, afforded Boc-THIQ-Val-ACHPA-Ala-Phe-NH 2 

45 (3 ° m9 g) 3 ™e CompotInd S of d this Example: A solution of Boc-THIQ-Val-ACHPA-Ala-Phe-NH 2 (30 mg. 0.038 
mmol) in ixFess 6 N HCI/dToxarTe"^aFstiFred at room temperature under a nitrogen atmosphere for 15 mm. 
The solvent was evaporated and the residue was triturated with EfeO. The resulting suspension was filtered. 
The collected precipitate was dried to afford the title compound (14 mg. 51%) as a white solid. Mass 
so spectrum: 691 (M-CL)* . Amino acid analysis: Ala, 1 .01 ; Phe, 0.95; Val, 1 .03; ACHPA, 1 .00. 

By following the procedure for example 7 but substituting the appropriate Boc amino acid for Boc-Ala- 
OH, the following peptides of formula 1 were obtained: + 

Example 8: THIQ-Val-ACHPA-Phe-Phe-NH 2 .HCI. MS: 767 (M-Cl) , ammo acid analysis: Phe, 1.95, 

Val, 1.05; ACHPA, 1.14. « . 

55 Example 9: THIQ-Val-ACHPA-Gly-Phe-NH 2 .HCI. MS: 677 (M-CI) , ammo acid analysis: Gly. 1.02, 

Phe. 0.96; Val. ll)2; ACHPA, 1.08. . . 

Example 10: THIQ-Val-ACHPA-Asn-Phe-NH 2 .HCI. MS: 734 (M- CI) , ammo ac.d analysis: Asx, 1.03, 

Phe, 0.97; Val, lTob; ACHPA, 1 .02. 
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ph.. »s*sr;r w " ci ms: 748 ,m - ci »'- — - -** * i* 



Example 12 



THlQ-Val-ACHPA-Asp-Phe-NH 2 .HCI 



70 



TOlSJ^PA^LSSJS f0 M r H eXamp,e 7 but su bstituting Boc-Asp^BzlJ-OH for Boc-Ala-OH. Boc- 
TMIQ-Val-ACHPA-Asp(0-B2l)-Pho-NH 2 was obtained. The latter compound (77.1 mq 0 10 mmoi was 

^toZ^o^ T" " r° Sphere ° f nitr ° 9en ' Pa..adium on cLon (7.7 m t 21 
» 1 5L ^ « mi ^ re W3S Shake " °" 3 Parr ""der an atmosphere of H 2 (50 psi) for 

Sn2L2 h ?T WaS , ered thr ° U9h 3 45 Um membra "o and the filtrate was concentrated 

^dSSSTZ^ re ? dUe ° V6r Si ' iCa 9S1, 6,Utin9 With miXtUr6S ° f increasin 9 ^ntration of methane 
mjMoroform afforded a homogeneous oil. The oil was dissolved in excess 6 N HCI/dioxane. The solution 
was stirred at room temperature under a nitrogen atmosphere for 15 min. The solvent was evapoTaS^ 
20 rjE?l WUr-Bd *? Et2 °- ThS reSU ' tin9 "-P*-on was filtered. The oofceW^2ff2T*2 

20 ^^T^^^S 49%) as a white so,id - Mass 735 <- c ' >• A ~ 
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Example 13 



THIQ-VaJ-ACHPA-Glu-Phe-NH 2 .HCI 



Bzl to ^TSf RTrT5f red ^ f0 " 0Win9 Pr ° C ? dUre ° f example 12 but substituting Boc-Glu(0- 
0.98 ^^P^ 0 - 82 )- 0 "- spectrum: 749 (M-CI)\ Amino acid analysis: Glx. 1.04; Phe. 0.98; Val, 



35 



Example 14 



THIQ-Ala-ACHPA-Leu-Phe-OH.HCl 



40 



Ala-ACH^ n u 9 ^^ Ure S'TSf 1 bUt substitutin ° Boc-Phe-OFm for Boc-Phe-NH 2 . Boc-THIQ- 
• 1 Z atmos P here of nitrogen, piperidine (296 uL, 3 mmol) was added at 0'C to the stirred 
45 SfSS IT" ^ ^ Stirr6d f ° r 2 " 3t r °° m tem perature' then diluted with ethy°acetae 20 
section oT N acf success-ve y with a 10% aqueous solution of citric acid, water and a saturated aqueous 
ChTZlnnST 9a !T SOlUt, ° n WaS dried ° Ver M9SO * and coventrated under reduced pressure 

B c Sffi , ™T 7" ,Ca "'• e,Utin9 With 3 mixture ° f CHCb/methanol/water (90:7:3). gave 
h f * h9 " OH 061 m9, 66%) - De P r °teotion of the latter compound according to the 

general deprotection procedure of example 1(f) gave the title compound. Mass spectrum^ 706 (W, °C f 
so Amino acd analys.s: Ala, 0.98; Leu. 1.00; Phe. 1.03; ACHPA 1 04 specirum. /ut> (M CI) . 



Example 15 



55 



THIQ-Ala-AHPPA-Leu-Phe-NH 2 .HCI 

13 
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The title compound was prepared following the procedure for example 1 but substituting Boc-AHPPA- 
OH for Boc-ACHPA-OH. Mass spectrum: 699 (MCI) . 



Example 16 



THIQ-Val-AHPPA-Leu-Phe-NH 2 .HCI 



10 



The title compound was prepared following the procedure for example 1 but substituting Boc-AHPPA- 
OH for Boc-ACHPA-OH and Boc-Val-OH for Boc-Ala-OH. Mass spectrum: 727 (M-CI) 
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Example 17 



TH I Q- Ala-Sta-Leu-Phe- NH 2 .HCI 

The title compound was prepared fol!owing + the procedure for example 1 but 
for Boc-ACHPA-OH. Mass spectrum: 655 (M-Cl) . Amino acid analysis: Ala, 1.00; Leu. 1.00. Phe. 1.00. Sta. 

1.04. 

Example 18 



3 o THlQ-Val(3R,4S)AHPPA-Leu-Phe-NH 2 .HCl 

The title compound was prepared following the procedure for example 1 but substituting Boc-(3R,4S>- 
AHPPA-OH for Boc-ACHPA-OH and Boc-Val-OH for Boc-Ala-OH. Mass spectrum: 727 (M-Cl) . 



35 



Example 19 



40 THlQ-Val-Phe»[CH 2 NH]Leu-Leu-Phe-NH 2 .HCl 

a) H-Leu-Leu-Phe-NH 2 .HCI 

By following the coupling and deprotection procedures of example 1. H-Leu-Leu-Phe-NH 2 .HCI was 



45 



obtained. 



b) Boc-Phe*[CH 2 NH]Leu-Leu-NH 2 



50 



55 



Sodium cyanoborohydride (35 mg. 0.56 mmol) was added portionwise during 30 mm to a stirred 
solution of Boc- P henylalaninai (0.70 mmol). described by D.H. Rich and E.T O Sun supra, and H-L^eu- 
Phe-NH 2 .HCI (0.5 mmol) in MeOH (3 mL). The reaction mixture was stirred for 18 h at room temperature 
then cooled in ice. A saturated aqueous solution of NaHCOa (3 mL) was added. foUowed by ethyl acetate 
(10 mL) The organic phase was separated, washed successively with water and a saturated aqueous 
solution of NaCI. then dried over MgSO* and concentrated under reduced pressure. ^ 
residue over silica gel. eluting with a 3% solution of methanol in chloroform, gave Boc-Phe*[CH 2 NH]Leu- 
Leu-NH 2 (174 mg. 56%). 
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Title compound of this example. 

The title compound was prepared from Boc-Phe*r C H 2 NH]-Leu-Leu-Phe-NH 2 by using the general 
coupling and deprotection procedures described in example 1. Mass spectrum: 782 (M-2HCI) 



Example 20 



70 



THIQ-Val-Cha»[CHgNH]Leu-Leu-Phe-NH? .HCI 



J5 



The title compound was prepared by following the procedures described for example 19 but substitut- 
ing Boc-cyclohexylalaninal for Boc-phenylalaninal. Mass spectrum: 788 (M-HCI 2 )\ By following the proce- 

bvTpS ZK ^ SUbStit , Utin ^ T* aPPr ° Priate BOC amin ° addS ' f0 " 0Wed by «*«quJS Purified 
by HPLC. the following compounds of formula 1 were obtained. 



Example gj: THIQ-Val-Phe*tCH 2 NH]Leu-Qln-lle-NH 2 ^TFA. Mass spectrum: 763 (M-2TFA + H) 
Example 22: THIQ-Asn-Phe*tCH 2 NH]Leu-Gln-lle-NH 2 2TFA. Mass spectrum: 778 (M-2TFA + hV 
Other examples of peptides of formula 1 include: 
20 THIQ-lle-ACHPA-Cha-Phe-NH 2 
THIQ-Val-ACHPA-Cha-Phe-NH 2 
THIQ-lle-ACHPA-Leu-Phe-NH 2 
THIQ-Ala-ACHPA-ASP(0(CH 2 ) 7 CH 3 )Phe-NH 2 

3(7-hydroxy-1 .2,3,4-tetrahydroisoquinolyl)carbonyl-Cpa-AHPPA-Leu-Phe-OH 
25 THIQ-Phe-Sta-Cha-Phe-OEt 

THIQ-Val-ACHPA-lle-NHCH[CH(OH)Cs Hs ]CH 2 OH 

THIQ-Val-ACHPA-Cha-NHCH[CH(CH 3 )C 2 H s ]CH 2 OH 

THIQ-lle-AHPPA-Phe-NH 2 



30 



Example 23 



35 Recombinant HIV Protease HPLC Assay: 

Enzyme: HIV protease was expressed in E. coli and purified to ca. 50% purity according to the 
procedure described by H.-G. Krausslich et al., Proc. Natl. Acad Sci. USA, 86. 807 (1989). tTS enSme was 
stored as 10uL aliquots at -70° C. The aliquots were diluted to 1/10th oMhe origin* c^nceSoT w«h 
40 buffer prior to use (enzyme working solution). concentration w.tn 

Subsfrate: VSFNFPQITL-NH.. MW 1164. see Krausslich et al.. supra, was used as substrate. The 
subsfrate was made into 10 mM stock in DMSO and stored at -20* C. Prior to use. the stock was diluted 
with buffer to give a 400uM solution substrate working solution ' 
45 dlaflSnf ^^^^'jofhanesulfonic acid (50mM). NaCI (25mM) and EDTA (5mM) was dissolved in 
45 d.stiHed HaOjpOmL) and the solution was adjusted to pH6 with concentrated aqueous NaOH The latter 
solution was diluted to 100 mL with H 2 0 to give the buffer. 

Procedure: (1) The test compound was dissolved in DMSO to give a solution havino 40X the final 
concentration of the test compound in the assay mixture (see step 2) so that the amount of DMSO in the 
assay mixture was 5% (v.v) or less. (2) The assay mixture was prepared by mixing 10 uL of me subSrate 
so working solution. 0.5 uL of the solution of the test compound in DMSO from step 1 and 10 ul Stl 
enzyme working solution. (3) The assay mixture was incubated at 37' C for 1h (4) The reaction was 
quenched by adding 100 UL of 2% aqueous TFA. (5) The substrate and products (i.e. VSFNF id PQIT?! 
^,lr r ^ SePa ^ ? SubjecBn 9 100 UL of tne q^nched assay mixture to HPLC using Nucleosil • C 18 
ss S pi? " ' near 9radi9nt 3t 1 mL/min from 11% to 70% acetonltrile in H 2 0 wim 0.05% aqueous 

ss TFA. Button was monitored at 210 nm. (6) A control which was the assay mixture without theTest 
compound, was subjected simultaneously to steps 3 to 5. 

Inhibition Studies: Cleavage products and remaining parent substrate were quantified by either peak 
he.ght or by integration of the appropriate HPLC peaks. Substrate conversion was calculate* ^ using the 
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following relationship: 



% Conversion - Suxp of peak hHrtt or peak area of ESg^ X 100 
Sum of peak height or peak area of substrate 
and products 



10 



Enzyme inhibition of the test compound was calculated as follows: 

% Inhibition = 100 - % Conversio n for assay mixture X 100 

% Conversion of control 



75 



20 



The concentration of the test compound which causes a 50% ,nh,b.t.on of the HIV-protease. Ke^the 
ICso was determined as follows: The percent inhibition of the enzyme was determined .for a mm mum o 
dSerent concentrations of the test compound Thereafter, the »C 50 was determined graph.cally by 
plotting the percent inhibition of the substrate against the concentration of the test com P 0 "" d . 

The following table of exemplified peptides of formula 1 lists the.r ICso as determ.ned .n the 
recombinant HIV protease HPLC assay. 



25 



30 



Peptide 


Example in which 
peptide is prepared 


ICso 
(nM) 


THIQ-Ala-ACHPA-Leu-Phe-NH 2 .HCI 
THIQ-Vai-ACHPA-Ala-Phe-NH 2 .HCI 
THIQ-Ala-ACHPA-Leu-Phe-OH.HCI 
THIQ-Va!-AHPPA-Leu-Phe-NH 2 .HCI 
THIQ-Val-Cha [CH 2 NH]Leu-Leu-Phe-NH 2 .2HCI 


1 

7 
14 
16 
25 


90 
17 
200 
25 
80 



35 



Example 24 



40 



45 



so 



55 



Boc-1 ,2,3,4-Tetrahydro-7-nitro-3-isoquinolinecarboxylic Acid (3a: W = Boc and R 7A - NQ 2 ) 

<SH 2 3,4-Tetrahydro-7-nitroisoquinoline ethyl ester (50.0 mg. 0.2 mmol). described by Y. Oka and K. 
Nishikawa, European patent application 18,104 published October 29. 1980. was dissolved m d.oxane-H 2 0 
0 1 2 mL . Diisopropylamine (53 UL. 0.3 mmol) was added to the solution followed by the add.tion o a 
solutio" of ditertlary'buty. dicarbonate (52 mg. 0.24 mmol) in dioxane (0 5 rut) After 3h the « r eaction 
mixture was diluted with ethyl acetate (15 mL). The organic solution was washed wrth c0 ' d .^ N / ^ A ue _°" s i H a ^ 
saturated aqueous NaHCOa (twice) and saturated aqueous NaCI. The organ,c layer was dried <NA 2 SO*) and 
concentrated. Chromatography of the residue over silica gel. eluting with 25% ethyl acetate in hexane. gave 
Boc(S)1 ,2 3.4-tetrahydro7-nitro-3-isoquinolinecarboxylic acid ethyl ester (85.6 mg) as a colorless oil. 

fsoTution of laier compound (13.6 mg. 0.053 mmol) in MeOH (0.5 mL) and H 2 0 (0^3 mL) was mrxed 
with 1N aqueous NaOH (64 uL, 0.064 mmol). After 3h. the solution was diluted with H 2 0 ( 10 mL i and 
washed with ethyl acetate (3 times 4 mL). The aqueous phase was mixed with fresh ethyl acetate and he 
mixture acidified to pH 4 wrth citric acid The organic layer was separated and the aqueous phase extracted 
with ethy. acetate. The combined organic layer and extracts were washed with saturated aqueous NaCI 
dried (Na 2 SO*) and concentrated to give the title compound (16.1 mg. 94%) as a colorless oil. Mass 
spectrum: 323 (M + H)* . 



Example 25 
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5 



3-(1 t 2,3 t 4-Tefrahydro-7-nfr^ 

te tJT,H "5 C ? mP .° Und W3S bV f ° l,0win9 the P rocedur * of example 4 but substituting Boc-1 ,2.3,4- 

tetrahydro.7-nitro.3-isoquinolinecarboxylic acid for Boc-THIQ-OH. Mass spectrum: 770 (M + H) . 



70 



Example 26 



75 



20 



25 



3-(7-Amino-1 t 2,3,4-tefrah 

ri~h2? m,9 f * ompoun * w f P re P ared bv f o»owing the procedure of example 25 but substituting the di-Boc 
^ acld (P^pared via H 2 /R hydrogenation of 

Boc-1 2 t 3.4-tetrahydro.7-n.tro^rsoqulnollnecarboxyllc acid ethyl ester) for Boc- l^.a.^tetrahydro-y-nitro-S- 
isoquinolmecarboxylic acid. Mass spectrum: 748 (M + H) . ^uoiiyuru-/ rmro-o 



Example 27 
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THIOVal-ACHPA>Cha-NH[CH(CH3)C2H 5 ]CH 2 OH.HCl 

The title compound is prepared by following the procedure of example 4 but subsisting Boc-Cha-OH 
for Boc-Leu-OH and substituting Boc-isoieucinol for Boc-Phe-NH 2 . 

Claims 

1. A peptide of formula 1 

35 R1-R2-Y-R3-R* 1 

wherein R 1 is a derived amino acid radical of formula 2 



40 



45 




50 
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t 3 ° r QOC(0) " ° r QC(0h Wherein Q is ,ower a,k y'- lower cycloalkyl, (lower 
cycloalkyOmethyl), phenyl, phenyl monosubstitued with lower alkyl, lower alkoxy or halo, benzyl or benzyl 
monosubstituted w.th lower alkyl. lower alkoxy or halo; R* is hydrogen, hydroxy, lower alkyl Swer alkoxy 
am™ mfro or -OCH 2 H(0)OR> wherein R' is hydrogen, .ower alky., .ower cycioa.^1. Lower cycloaZ 
methyl, phenyl, phenyl monosubstitued with lower alkyl. lower alkoxy or halo, benzyl, or benzyl monosub- 
stituted w,th lower alkyl. lower alkoxy or halo; and L on the aromatic ring of the radical foZL 2 
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represents hydrogen or a substituent on the aromatic ring, the substituent being selected from ttie group of 
ower alky., lower afcoxy and halo, or L represents the same or different of two substituents on ft » aromatac 
Tg the substituents being selected from the group of lower alkyl, lower alkoxy and halo, provided that any 
two substituents do not interfere with each others presence; 

R 2 is -N(R 8 )CH(R*)C(0>- wherein R* is hydrogen or lower alkyl and R 9 is hydrogen, lower alkyl lower alkyl 
moLuostttuted w th hydroxy, methoxy. methylthio or benzyloxy, lower cycloalkyl. (lower cycloa.ky.)me^yl. 
tenzylVimidazolylmethyl. 2-thiazolylmethyl. (4-hydroxyphenyDmethyl. [4-(lower alkoxy) P henyl]methyl. - 
CH(W)ctS.TcH^NH 2 y or -CH 2 ) n C(0)OR' ' or -<CH 2 )„C(0)NR"R« wherein n is the ,nteg* two or 
three R 1 * is hydrogen, a straight or branched chain alkyl contaimng one to ten carbon atoms, or phenyl- 
, (lowe'r)alkyl and R" and R« each independently is hydrogen, lower alkyl. phenyl(lower>alkyl, or R and R 
Sher with the nitrogen to which they are joined form a pyrrolidine, piperidino. morphohno. p.pera 2 ,no or 

^^^acid radical of the formula -NHCH^-W- wherein R 13 is lower alky, (lower 
cvcloalkyhmethyl -CH 2 CH 2 SCH 3 , benzyl or benzyl substituted on the aromatic portion thereof w.th hydroxy 
; 22S?K 'and W is -CH(OH)CH 2 C<0) -or -CH 2 NHCH(R")C(0)- wherein R« has the same mean.ng as 

R3 f Ts e abirtor is -N(R«)CH(R«)C(0)- wherein R'* is hydrogen or lower alkyl and R« has the same 
meaning as defined herein for R 3 ; and . _ „„ ^ . 

R* is I-NR^CH(R«)C(0)]p-Z wherein R" is hydrogen or lower alkyl. R has the same meaning as defined 
,S l . _ a =nH 7 i« hvrirow. lower alkoxv. benzvloxy or -NR^R2 wherein 

° rdeS^Vhyd^n". 7ower'a,ky. or pheny.(.ower)aiky,. or R- and R*' together 

with the nitrogen atom to which they are joined form a pyrrolidine, piperidino. morphol.no. piperazino or 4- 

R*T-S' C^TcSoH wherein R« and R« are as defined in this claim and R*\ is hydrogen, lower 
> 5 alkyl or lower alkyl monosubstituted with hydroxy; or a therapeutically acceptable salt Ihereot 

A peptide as recited in claim 1 wherein R 1 is the radical of formula 2 wherem R* is hydrogen R is 
hydrogen hydroxy, methyl, methoxy. amino, nitro or -CH 2 C(0)OR 2 wherein R' is hydrogen ower alkyl or 
bS and L is hydrogei or one o? two halo substituents. R 2 is wherein J >s hydrogen 

or methyl and R 9 is lower alkyl. lower cycloalkyl. cyclopropylmethyl, cyclohexylmethyl -CH 2 CH 2 COOH. 
3 o Jh"ShIcONH 2 . -CH 2 CONH 2 or benzyl; Y is -NHCHfR^W- wherein , R« is ^^J^SgJ^ 
methyl, -CH 2 CH 2 SCH 3 . benzyl or (4-methoxyphenyl>methyl and W is -CH(OH)CH 2 C C J- ^ JNHCH^R h 
C(0)- wherein R" is lower alkyl or (lower cycloalkyl)methyl; R 3 is absent or ,s , -N(R« CH<R^)C O)- wherein 
R« is hydrogen or methyl and R« is hydrogen, lower alkyl. cyclopropylmethyl, cyclohexylmethyl. benzyl. 
-CH(OH)CH 3 , or <CH 2 ) n C(0)OR- or -(CH 2 ) >1 C(0)NR«R« wherein n is the integer one. two > or three R is 
35 hydrogen or a straight or branched chain alkyl containing one to ten carbon atoms, and R and R each 
TnCenoently is hydrogen, methyl or ethyl; and R* either is -NH(R-)CH(R«)C(0)-Z wherem R" J 
hydrogen or methyl Vis lower alkyl. lower alkyl monosubstituted with hydroxy or benzyloxy. cyclop opyl- 
methyl. cyclohexylmethyl. (4-hydroxypheny.)methy.. CH^CH* or benzyl; and Z is hydroxy _or NW'ff 
wherein and R 2 * each independently is hydrogen, methyl, ethyl or 2-methylbutyl or R« and FP 
40 together with the nitrogen atom to which they are attached form a pyrroHdino or P'Pend.no^ or R t is 
-nVcR 18 (R 2, )CH 2 OH wherein R 12 and R 18 are as defined in this claim and R 21 .s hydrogen, lower alkyl or 
lower alkyl monosubstituted with hydroxy; or a therapeutically acceptable salt thereof. 

3 A peptide as recited in claim 2 wherein is the radical of formula 2 wherein R 5 is hydrogen R <s 
hydrogen, amino, nitro or -CH 2 C(0)OR 2 wherein R> is hydrogen, methyl ethyl or benzyl and! L w 
45 hydrogen R 2 is Val. Ala. Leu. lie, G.y. Tbg. Cpa. Cha. Glu. Gin. Asn or Phe; Y is /»HCH(R-)-W- wherein 
Ri3 is 1-methylethyl. 2-methylpropyl. cyclohexylmethyl. -CH 2 CH 2 SCH 3 , benzyl or <4-methoxyphenyl)me hyl 
and W is -CH(OH)CH 2 C(0)- or CH 2 NHCH(R")C(0)- wherein R 1 * is 2-methylpropyl or cydohexylmet hyl ; ft 
is absent or is Leu. Nle. He. Val. Ala. Gly. Cha. Phe. Thr. Glu. Gin. Asp or Asn; and R ^,s Leu-NH 2 . Leu-OH. 
Ile-NH 2 . Ile-OH. Val-NH 2 . Val-OH, Ala-NH 2 , Ala-OH, Thr(OBzl)-NH 2 . Cpa-NH 2 . Cpa-OiV Cha-NH 2 • Cha-OH 
50 "yr NH . T yr-OH. Phe-NH 2 . Phe-NH[CH 2 CH(CH 3 )C 2 H 5 ]. Phe-N(C 2 H 5 ) 2 or Phe-OH. or R 4 is ;NHCFV 8 (R 2 ')- 
CH 2 OH wherein R« is tower alkyl. CH 2 0H, -CH(OH)CH 3 . CH 2 CH 2 OH or -CH(OH)C 2 H 5 and R 21 -s hydrogen, 
methyl or CH 2 OH; or a therapeutically acceptable salt thereof. 

4 A peptide as recited in claim 3 wherein R 1 is 3-(1 .2.3.4-tetrahydroisoqu.nolyl)carbonyl R 2 and Y are 
as defined in claim 3. R 3 is Leu. Nle. He. Val. Ala. Cha. Glu or Gin. R* is either lle-NH 2 . Ala-NH 2 . Thr(OBzl)- 
55 NH 2 Cha-NH 2 or Phe-NH 2 . or is -NHCR«-(R 2 ')CH 2 OH wherein R« is 1-methylethyl. 1-methylpropyl, 2- 
methylpropyl. -CH 2 0H or -CH(OH)C 6 H s . and R 21 is hydrogen or methyl; or a therapeutically acceptable salt 

th6r 5° f A peptide as recited in claim 1 wherein R 1 is the radical of formula 2 wherein R* is hydrogen or 
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QOC(O)- wherein Q is lower alkyl, R 6 is hydrogen, lower alkoxy, amino or nitro and L is hydrogen- R* is 
-NHCH(R9)C(0)- wherein R 8 is lower alkyl, lower alkyl substituted with a hydroxy, benzyl, 4-imidazolyl- 
methyl. 2-thienylmethyl or 2-thiazolylmethyl, Y is -NHCH(Ri3)-w- wherein R« is as defined in claim 1 and 
W is -CH(OH)CH 2 C<0)-, R3 is absent or is -NHCH(R^)C(0)- wherein R« is lower alkyl, and R* is 
NHCHR 18 C(0)-Z wherein R 18 is lower alkyl. lower alkoxy monosubstituted with hydroxy or benzyloxy -CH- 
(OH)C 2 H 5 or benzyl and Z is hydroxy or amino, or R* is -NHCR 18 (R^)CH 2 OH wherein R 18 is lower' alkyl 
lower alkyl monosubstituted with hydroxy, CH(OH)C 6 H 5 or benzyl, and R* is hydrogen or methyl or a 
therapeutically acceptable salt thereof. 

6. A peptide as recited in claim 5 wherein R 1 is 3-(1 f 2,3,4-tetrahydroisoquinoiyl)carbonyl or N-(tertiary- 
butyloxycarbonyl)-3-(1,2 f 3,4tetrahydroisoquinolyl)carbonyl, R* is Val, Ala or Phe, Y is Sta, ACHPA or 
AHPPA, R3 is absent or is Ala, lie or Leu and R* is Ala-NH 2| Phe-NH 2 , Thr(OBzl)-NH 2 or -NHCR 18 (R 19 )- 
CH2OH wherein R 18 is -CH 2 OH, -CH(OH)CH 3 or -CH(OH)C 6 H 5 and R« is hydrogen or methyl, or a 
therapeutically acceptable salt thereof. 

7. A peptide as recited in claim 1 selected from the group consisting of 
75 THlQ-Ala-ACHPA-Leu-Phe-NH 2 

THlQ-Leu-ACHPA-Leu-Phe-NH 2 

THIQ-Phe-ACHPA-Leu-Phe-NH 2 

THIOVal-ACHPA-Leu-Phe-NH 2 

THlOCpa-ACHPA-Leu-Phe-NH 2 
20 THIQ-Ala-ACHPA-Ala-Phe-NH 2 

THIQ-Val-ACHPA-Ala-Phe-NH 2 

THIQ-Val-ACHPA-Phe-Phe-NH 2 

THIQ-Val-ACHPA-Gly-Phe-NH 2 

THIQ-Va!-ACHPA-Asn-Phe-NH 2 
25 THIG-Val-ACHPA-Gln-Phe-NH 2 

THIQ-Val-ACHPA-Asp-Phe-NH 2 

THIQ-Val-ACHPA-Glu-Phe-NH 2 

THIQ-Ala-ACHPA-Leu-Phe-OH 

THIQ-Ala-AHPPA-Leu-Phe-NH 2 
30 THIQ-Val-AHPPA-Leu-Phe-NH 2 

THIOAIa-Sta-Leu-Phe-NH 2 

THIQ-lie-ACHPA-Cha-Phe-NH 2 

THIOVal-ACHPA-Cha-Phe-NH 2 

THIQ-Ile-ACHPA-Leu-Phe-NH 2 
35 THIOVal-Phe^[CH 2 NH]Leu-Leu-Phe-NH. 

THIQ-Val-Cha*[CH 2 NH]Leu-Leu-Phe-NH 2 

THIQAfeI-Phe*[CH 2 NH]Leu-Gln-Phe-NH 2 

THIQ-Asn-Phe¥[CH 2 NH]Leu-GlnHle-NH 2 

3-(1 ,2,3,4-tetrahydro-7-nitroisoquinolyl)carbonyl-Val- ACHPA-Leu-Phe-NH 2 and 
3-(7-amino-1 ,2,3,4-tetrahydroisoquinolyl)carbonyl-Val-ACHPA-Leu-Phe-NH 2 

8. A pharmaceutical composition comprising a peptide as recited in any one of claims 1 to 7 or a 
therapeutically acceptable satt thereof, and a pharmaceutically acceptable carrier. 

9. Use of a peptide as recited in any one of claims 1 to 7, or a therapeutically acceptable salt thereof 
for the preparation of a composition for treating HIV infections in a human. 

10. Use of a peptide as recited in any one of claims 1 to 7, or a therapeutically acceptable salt thereof 
for the preparation of a composition for protecting human cells against HIV pathogenesis. 

11. Use of a peptide as recited in any one of claims 1 to 7, or a therapeutically acceptable salt thereof 
for the preparation of a composition for treating renin-associated hypertension in a mammal. 

12. Use of a peptide as recited in any one of claims 1 to 7, or a therapeutically acceptable salt thereof 
for the preparation of a composition for treating congestive heart failure in a mammal. 

13. A process for preparing a peptide of formula 1 of claim 1 comprising: 
(i) coupling the derived amino acid of formula 3 
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,N C(0)OH 




™ wherein R 5A is lower alky I. or QOC(O)- or QC(O)- wherein Q is as defined in claim 1; R is hydrogen, 
hydroxy lower alkyl, lower alkoxy, amino, nitro or OCH 2 C(0)OR 7A wherein R is lower alkyl. lower 
cycloalkyi. (lower cycloa!kyl)methyl. phenyl, phenyl monosubstituted with lower alkyl. lower alkoxy or halo 
benzyl or benzyl monosubstituted with lower alkyl. lower alkoxy or halo, and L is as defined in claim 1. with 
a fragment of formula H-R 2A -Y-R 3A -R 4A wherein R^. R 3A and R 4A have the same meaning as defined in 

75 claim 1 for R 2 R 3 and R*. respectively, except that side chain amino and carboxy groups, and a C-terminal 
carboxy group, if present, are replaced with corresponding protecting groups, and Y is as defined in claim 
1; or 

(ii) subjecting the intermediate of formula 4 
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HO 




wherein R 5 * Y R 3A R 4A and R 5A are as defined in this claim to O-alkylation with the alkylating agent of 
formula XCH 2 C(0)OR 7A . wherein X and R 7A are as defined in this claim, in the presence of a strong base; 
followed, if required, by amino or carboxy deprotection. to give the corresponding peptide of formula 1; and, 
if desired, transforming the peptide into a therapeutically acceptable salt 
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